In modern medicine, sophisticated laboratory tests associated with the test result). We review the performance of frequently-used tests by their LRs, and and imaging studies are often emphasized at the expense of history and physical examination, rather compare them to the power of clinical assessment, with clinical cases to illustrate the application of than complementing clinical assessment. Ancillary testing often fails to advance the diagnostic process, LRs in the diagnostic process. The discriminative power of clinical assessment and ancillary tests is and increases patient risk and the expense of medical care. The relative value of clinical evaluation often similar, and the combination of the two greatly increases accuracy in the diagnostic process. Clinical and technological methods is rarely considered, and the power of the clinical evaluation is therefore assessment is indeed frequently more informative than current technical modalities. LRs assist in putunderestimated. The likelihood ratio (LR) is a semiquantitative measure of the performance of diating the value of testing in proper perspective. Practice in evaluating pre-test probabilities of disgnostic tests which indicates how much a diagnostic procedure modifies the probability of disease, and ease and in the application of LRs should be enhanced in medical training. is calculated from the sensitivity and specificity of the test (or directly from the change in probability
Introduction
A frequent belief among practitioners in clinical rule out deep venous thrombosis, with minimal attention paid to clinical findings. However, testing medicine is that laboratory tests and imaging techniques are more definitive than medical history and exposes patients to risks, compromises their wellbeing, increases costs, and may actually impede physical examination. This may result from a conviction that tests are objective and reliable, from the diagnosis when false-positive results occur. 72 In elderly subjects, excessive testing increases the chance permanence of test results, and from underestimating the information that can be obtained by history and of discovering incidental findings, of little or no relevance to patient suffering. The time and energy physical examination.1,2 Also detracting from physicians' clinical skills and their appreciation of clinical invested by physicians in obtaining tests often comes at the expense of communication with patients and evaluation is the decline in bedside teaching in major medical centres. 80 Physicians thus tend to their families. It is therefore not surprising that in major teaching hospitals, despite increasing use of regard clinical assessment as inaccurate or insufficient, and rely on the results of sophisticated tests.
new techniques (such as ultrasonography, computed tomography and endoscopy), rates of misdiagnosis For example, an echocardiogram is frequently ordered to diagnose cardiac failure, or a duplex to among hospitalized patients have remained essen- figures that follow. When several independent tests are performed, their joined LR is equal to the product 10%, while the history and physical examination established the diagnosis in more than 60%, and of the LRs of the individual tests. Misuse and misconceptions regarding LRs have been described.5 were misleading in less than 2% of cases. 74 As emphasis shifted to sophisticated testing, cliniAmong these is the erroneous assumption that tests can be compared linearly by their LRs (the power of cians have neglected objective assessment of bedside evaluation as a diagnostic tool: in contrast to a test with a LR of 100 is not ten times greater than that of a test with a LR of 10). LRs may be inaccurate the abundant literature rating the performance of many tests, relatively few reports probe the performif the studies defining test performance are of poor quality or involve verification bias. Differences ance of plain clinical evaluation in a quantitative manner. A convenient and increasingly adopted between the population in which a test was characterized and the population in which it is applied measure of the performance of diagnostic methods is the likelihood ratio (LR), which expresses the may render the LR inapplicable.6 Rapid technological advances in medicine have magnitude by which the probability of a diagnosis in a given patient is modified by the result of a rendered certain diagnostic methods for common diseases obsolete, and new tests have been introtest.3-6 The LR for a test result is the ratio between the chance of observing that result in patients with duced. In the current article we present updated LRs for tests frequently employed in daily hospital practhe disease in question, and the chance of that result in subjects without the disease. This value is readily tice based on recent literature published since this topic was last reviewed (Table 1) .3,4 From published calculated from the sensitivity and specificity of the test (see Appendix I). The product of the LR and predata, we also estimated LRs for findings obtained by interview and physical examination to assess the test odds determines post-test odds. LRs range from zero to infinity. Therefore, a value of 1 means that power of clinical evaluation as a diagnostic test. Since better information is certainly needed, we the test provides no additional information; ratios above or below 1 respectively increase or decrease suggest that LRs be viewed as semi-quantitative values that can be used to compare the power of the likelihood of disease. Simple calculations convert odds to probability and vice versa (see Appendix ancillary testing with that of clinical information, mainly as a teaching exercise. This serves to illustrate While the clinical diagnosis of DVT is considered the power of a refined clinical assessment, and unreliable, a recent study41 showed that refined demonstrates that for diagnosing commonly encounclinical assessment producing specific findings (such tered medical conditions, its usefulness often does as a history of recent immobilization, cancer, paranot fall below that of sophisticated tests. Using true lysis, calf swelling and localized tenderness along cases from our department we demonstrate the the deep venous system) increases the chance of relative significance of findings obtained by clinical deep venous thrombosis from 25% to 85% (in the evaluation and ancillary tests and how integrating presence of three or more major points and no these findings influences the diagnostic process.
alternative diagnosis), equivalent to a LR of 17 (see Appendix II). Using a 25% prevalence of DVT in out-patients suspected to have this condition41 as pre-test probability, a positive duplex would have
Integrating clinical assessment and yielded a post-test probability of 91.4%. In this case, test results a refined clinical assessment can be almost as powerful as a duplex study (Figure 1b ) and, as The following example illustrates application of LRs described below, may sometimes be more accurate. in the diagnosis of deep venous thrombosis (DVT).
Example 1 (continued ): The duplex is negative. Example 1: A patient recovering from a knee
Since the LR of a negative duplex study in a operation complains of lower-limb swelling and symptomatic patient is 0.03 (Table 1) , the post-test pain. The left leg is swollen with tenderness along probability is 14.5%, as illustrated in Figure 1a (for the medial thigh. The probability of DVT in this exact calculations, see Appendix II). setting is approximately 85%. 41 Since the LR for a
While following out-patients with suspected deep positive duplex study in this setting is 32 (Table 1) , venous thrombosis and serial negative duplex studies the post-test probability would be over 99% were appears safe42 this patient obviously can not be the test positive, as illustrated in Figure 1a ( for calculations, see Appendix II).
treated similarly. Since the pre-test probability deter- Figure 1 . Magnitude of impact from a refined clinical assessment vs. that from an ultrasound in the diagnosis of deep venous thrombosis. a The probability that the patient described in example 1 has deep venous thrombosis is estimated as approximately 85%.41 Given LRs of 32 and 0.04 for positive and negative results in a symptomatic patient (see Table 1 ), the lines drawn show post-test probabilities over 99% if the ultrasound is abnormal and 14.5% if the ultrasound is reported normal (for exact calculations, see Appendix II). b As illustrated in example 1 in the text, refined clinical assessment (noting recent immobilization, calf swelling and localized tenderness along the deep venous system and no alternative diagnosis) increases the chance of deep venous thrombosis from 25% to 85%.41 An abnormal ultrasound without refined clinical assessment, using a 25% prevalence for such a population, would yield a post-test probability of 91.4%. The close proximity of the lines suggests that in this case, a refined clinical assessment is almost as powerful as an ultrasound.
mined clinically was so high, the negative duplex and bed rest, a cardiologist proposed a coronary angiogram. Beforehand, the clinical symptoms were results in a post-test probability of 14.5%, which can not be ignored. This calls for further testing such as reassessed: the pain was recurring after each meal, especially after lying down; the patient denied any contrast venography.
Example 1 (continued ): An MRI ordered to image pain at effort and could recall somewhat similar symptoms after the kidney transplantation, while on the soft tissues discloses deep venous thrombosis, which is confirmed by a repeated ultrasound.
high doses of glucocorticoids, at which occasion an endoscopy had revealed reflux esophagitis resolved The bedside diagnosis of deep venous thrombosis was made with high probability in this patient, by with omeprazole. A diagnosis of recurrent reflux oesophagitis was entertained, and the patient was clinical features and very low probability of alternative diagnoses, such as a ruptured Baker's cyst or started on omeprazole, with complete disappearance of his symptoms. cellulitis. The reliability of compression ultrasonography heavily depends on experience, which may In this case, from an original estimate of 75%, a refined clinical assessment reassigned a probability result in sensitivities ranging from 0 (!) to 100%.43 When using literature data on test performance, of less than 5% for coronary disease as the cause of chest pain. Figure 2b illustrates the magnitude of the caution should be applied for operator-dependent factors.
impact of refined clinical assessment, for the diagnosis of coronary disease, in comparison with an exercise test (which might have been ordered to evaluate the source of the chest pain before an
Impact of pre-test probability angiogram), using positive and negative LRs of 3 and 0.49, respectively (see Table 1 ). The impact of refinClinical evaluation is also operator-dependent, and a frequently-asked question is how to determine the ing clinical assessment was greater than the information from a stress test. pre-test probability. In many diseases, quantitative information about the sensitivity and specificity of Example 3: A 40-year-old female non-smoker, using contraceptive pills, was admitted because of symptoms and signs is lacking and the pre-test probability is estimated by combining epidemiologcough and shortness of breath. The physical examination, a chest X-ray and a duplex study of the legs, ical data (about population prevalence) with clinical impressions based on prior education (similarity of were all unremarkable. The resident suspected pulmonary embolism at a 50% pre-test probability and the patient's picture to descriptions of diseases in textbooks), personal experience or pattern recognithe patient was treated with heparin. A ventilation perfusion scan reported intermediate probability (LR tion (such as for the diagnosis of erythema nodosum). Medical students and interns are trained to recognize 1.2, see Table 1 ), leaving the post-test probability of pulmonary embolism practically unchanged at 54%. syndromes in a qualitative rather than in quantitative fashion. In our training program, residents asked to While a pulmonary angiogram was being considered, a more detailed history revealed that similar sympassign a pre-test probability of coronary ischaemia to the same patient presenting with chest pain, would toms had occurred last spring and that hay fever had been present for many years. A peak expiratory flow often assign values ranging from 25 to 75%. If the correct value is 75%, a clinician using the value of rate was low and increased after salbutamol. The patient's symptoms cleared on bronchodilators and 25%, even helped by a positive exercise test, would only reach a post-test probability of 50%, lagging she was discharged with the diagnosis of bronchial asthma. behind the best clinical assessment, as illustrated in Figure 2a . The 
following examples further illustrate
The impact of refining clinical assessment was more substantial than the information from a ventilathe importance of the correct determination of pretest probability. tion perfusion scan. With the recognition of the alternative diagnosis of bronchial asthma, the probabExample 2: A 45-year-old male tourist was admitted because of chest pain. He had no personal or ility of pulmonary embolism dropped to less than 1%, even more efficiently than if the scan had been family history of coronary disease, his past history being significant for chronic renal failure and renal normal (LR 0.1, see Table 1 ), which would have yielded a post-test probability of 9% (had the pretransplantation. The pain was retrosternal and radiating to the back, having started while watching TV test probability of 50% been retained). Clinical evaluation is not necessarily more precise than after a heavy supper and persisted for several hours. Patient's vital signs, cardiac examination, ECG and ancillary tests, but its accuracy is of marked consequence to the correct interpretation of test results. CPKs were normal. The physician in charge considered unstable angina, at an estimated probability of Practice in the evaluation of pre-test probability should be exercised in medical training, for instance, 75%. Because of ongoing intermittent pain despite several days on heparin, aspirin, nitrates, propranolol by comparing the estimates by interns or residents Figure 2 . Magnitude of impact from a refined clinical assessment in the diagnosis of coronary disease. a Residents were asked to assign a pre-test probability of coronary ischaemia to the same patient presenting with chest pain, assign values ranging from 25 to 75%. If the correct value is 75%, a clinician using the value of 25%, even helped by a positive exercise test, would reach a post-test probability of only 50%, lagging behind the best clinical assessment. b In Example 2, refinement of the clinical assessment shifted the pre-test probability from 75 to 5%, while the impact of any (positive or negative) result of a stress test would have left the post-test probability in the range of 60-90% (for the high pre-test suspicion of 75%) or 2-15% (for the low pre-test probability of 5%). Refining clinical assessment can provide more substantial information than a stress test.
to those made by experienced clinicians, or by specific characteristics of the back pain, as illustrated in Table 3 , may be as informative as HLA-testing, if discussing discrepancies using published data on clinical performance. not more. The clinical evaluation referred to in Tables 2-4 is usually completed within minutes, at low cost and without risk to the patient. Moreover, enhanced communication between patient and
Assessment of pre-test probability physician improves understanding and trust. In some diseases, the reliability of clinical data has Additional studies are needed to expand our knowbeen quantified, or specific criteria have been ledge on sensitivity, specificity and reproducibility described to help the formulation of a pre-test of symptoms and signs in many other diseases. This probability. For instance, in the clinical evaluation approach, i.e. attempting to quantify clinical performof a patient with suspected sinusitis, the diagnostic ance, should be encouraged in medical textbooks, value of symptoms and signs, such as maxillary practice and teaching. toothache, purulent discharge or abnormal transillumination has been reported. 44 As shown in Table 2 when the pre-test probability of disease is intermediate. Junior clinicians often forget this basic tenet Other examples listed in Tables 2 and 3 include the  clinical diagnosis of diseases such as dementia, and order tests 'to diagnose' or 'to rule out' conditions rather than to corroborate or challenge a clinical cardiac failure, renovascular hypertension or, as shown in Table 4 , the prediction of risk after a hypothesis. With this misconception in mind, a comparison of the diagnostic power of clinical assessmyocardial infarction. For instance, the diagnosis of ankylosing spondylitis based on summation of ment vs. that of ancillary testing might be useful to findings, such as a diastolic blood pressure of over 120 mmHg refractory to therapy, evidence for occlusive vascular disease elsewhere, an abdominal show the respective limitation and relative accuracy of each individual approach.
bruit or renal failure induced by administration of a converting enzyme inhibitor, can predict the probabIn many instances, the LRs for positive tests range between 2 and 30, and are often below 10 ( Table 1) .
ility of renovascular hypertension as over 25% (odds of 25575 or 153).17 If the prevalence of renovascular As illustrated in Tables 2 and 3 , the LRs for clinical assessment of diseases, when such an estimate is hypertension among unselected hypertensive patients is estimated at 0.5% (odds of 15199), the LR generavailable from the literature, is often in the same range or higher than 10. For the diagnosis of systemic ated by the clinical findings in this example is 66 (19953) . This compares favourably with the LR of lupus erythematosus, the presence of a malar rash has a LR of 7, whereas a fluorescent antinuclear some of the best diagnostic tests for this condition, such as duplex or magnetic resonance angiography (see Table 3 ). For the prediction of an adverse prognosis in patients after a myocardial infarction, simple clinical features which are cheap and fast to obtain, may readily provide more powerful information than physiological or invasive tests (such as exercise ECG or coronary angiography), by multiplication of LRs for clinical findings, as illustrated in Table 4 and in Figure 3 , which shows that combination of non-invasive data can be more informative than coronary angiography. These examples illustrate that judgment from clinical findings may be a predictor of disease as powerful as any of the tests available to confirm the diagnosis in question.
Power of combined clinical information and ancillary testing
Since clinical assessment and ancillary testing pro- test) or the test alone (by a physician who underestimates the power of clinical evaluation) would each yield the same post-test probability of disease of 34%. By contrast, the combination of the two modalities, which has now the joined LR of 10×10= 100, raises the post-test probability of disease to 84%, illustrating the remarkable synergism achievable from combination of clinical assessment and ancillary modalities. Patient management with a probability of diagnosis of 84% is generally more practicable than with a suspicion of disease of 34%, which means in words: 'this diagnosis is likely to be wrong' and requires additional investigations. This powerful sequence of validation of a clinical concept by testing is one of the most important steps in the diagnostic process, akin to the probing of a scientific hypothesis by an experiment in basic research (similarity of reasoning may explain why research could (Table 4) refined clinical evaluation and the remarkable synermay provide more powerful prognostic information than gism from these combined modalities.
coronary angiography (sometimes considered to obtain a more 'precise' assessment of disease severity).
Advances in diagnostic modalities may enhance
